Gastric cancer is one of the most common malignant tumors causing death in Fujian Province, China. However, the mortality of gastric cancer is greatly varied in different areas in Fujian; for example, the mortality in Changle City is 7.4 times higher than that in Fuan City. In this study, we compared the differences in serological parameters, pepsinogen (PG) I, PG II, gastrin-17 (G-17), and Helicobacter pylori (H. pylori) antibody, between the two cities. It has been reported that low serum PG I is correlated with atrophic gastritis, a high-risk condition for developing gastric cancer, while high serum G-17 has been used for serological detection of atrophic corpus gastritis. We recruited 224 healthy subjects in Changle and 229 healthy subjects in Fuan, matched in age and sex. The serum levels of PG II and G-17 were significantly higher in Changle than those in Fuan. Importantly, the frequency of the subjects with low serum PG I (< 25 μg/L) was significantly higher in Changle than in Fuan, although the serum PG I levels were similar between the two cities. Moreover, the percentage of the subjects with high serum G-17 (≥ 2 pmol/L) and the positive rate of serum IgG antibody against H. pylori were significantly higher in Changle than those in Fuan. The detected differences in these serological parameters are consistent with the notion that the prevalence of atrophic gastritis may be higher in Changle than in Fuan, which results in a higher risk condition for developing gastric cancer in Changle.
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Keywords: atrophic gastritis; gastric cancer; gastrin; Helicobacter pylori antibody; pepsinogen Tohoku J. Exp. Med., 2012 Dec, 228 (4), 289-294. © 2012 Although the mortality of gastric cancer has been decreased recently, gastric cancer is still ranked as the third most common malignant tumor causing death in Fujian Province (Fujian Provincial Center for Disease Control and Prevention 2011), which is located in south-eastern China with a population of approximately 36 millions. It has been shown that the mortality of gastric cancer varies greatly in different areas in Fujian Province. In 2008, the mortality of gastric cancer in Changle City was 42.37/100,000. However, at the same time, in Fuan City which is about 250 km far from Changle City (Fig. 1) , the mortality was only 5.70/100,000 (Fujian Provincial Center for Disease Control and Prevention 2009). The reason why the mortality of gastric cancer was marked different between the two cities remains unknown.
Serological parameters, such as pepsinogen I (PG I), PG II, gastrin-17 (G-17), and Helicobacter pylori (H. pylori) antibody, have been used to explore the state of the gastric mucosa in populations with contrasting gastric cancer risks (Varis et al. 1991; Aromaa et al. 1996; Uemura et al. 2001; Ohata et al. 2004; Malfertheiner et al. 2005; Watabe et al. 2005; Oishi et al. 2006 ). Many studies have indicated that serum PG is a useful biomarker reflecting the morphological and functional status of the gastric corpus mucosa (Kitahara et al. 1999; Varis et al. 2000; Broutet et al. 2003) . PG I is secreted exclusively from the fundic glands (Samloff 1971) , while PG II is secreted from the fundic glands, pyloric glands, and the proximal duodenal mucosa (Samloff and Liebman 1973) . It has been revealed that the reduction in serum PG I is correlated well with the severity of atrophic gastritis (Borch et al. 1989) , which is a well-known high-risk condition for developing gastric can-cer. G-17 is exclusively secreted from antral G cells. In some previous studies, an increased level of serum G-17 was applied to screen gastric cancer through improving the serological detection of atrophic corpus gastritis (Shiotani et al. 2005; Rollan et al. 2006; Cao et al. 2007 ). Consequently, the measurement of serum PG in combination with serum G-17 can yield a topographic assessment of atrophic gastritis, potentially serving as a serological risk assessment of gastric cancer (Germaná et al. 2005; Cao et al. 2007; Kikuchi et al. 2011) . In order to explore underlying mechanisms of the great difference in mortality of gastric cancer between Changle and Fuan, in this study, we investigated whether or not the risk condition such as the prevalence of atrophic gastritis was different between Changle and Fuan through determination the serological profiles of serum PG I, PG II, G-17 and IgG antibody against H. pylori in the residents from the two cities.
Material and Methods

Subjects
The subjects involved in this study were native local residents aged from 30 to 70 years old and had been lived in the cities for at least 5 years. The persons with the presence of gastrointestinal symptom, history of medication such as antacid or PPI, history of H. pylori eradication were excluded from the study. The method of multi-stage random sampling was used in selecting the subjects. Firstly, one town with an average mortality of gastric cancer in Changle and Fuan was selected respectively, then four villages in each town were randomly selected. Finally about 55 subjects from 55 different families in each village were randomly selected. Totally 224 subjects in Changle and 229 subjects in Fuan were recruited. The average ages of subjects in Changle City were 46.2 ± 10.4 years old, and 48.9 ± 12.5 years old in Fuan City (P < 0.05). Among 224 subjects in Changle, male accounted for 116 (51.8%) and female accounted for 108 (48.2%), and among 229 subjects in Fuan, male subjects were 100 (43.7%) and female were 129 (56.3%). The proportion of male and female subjects in the two cities was not statistically different.
Each subject provided informed consent to participate in this study. To protect the subjects, this study was conducted according to the recommendations of the World Medical Association Helsinki Declaration (1989) . The research protocol met the requirements for protection of human subject certification by the Ethic Committee of Fujian Provincial Center for Disease Control and Prevention, Fujian, China and University of the Ryukyus, Okinawa, Japan.
Serum Sampling
Fasting blood samples were taken from forearm veins by the medical staff of local hospital. After centrifugation, the serum specimens were stored at −70°C until assay.
Determination of PG I, PG II, G-17 and IgG Antibody against H. pylori
Levels of serum PG I, PG II and G-17 were measured with ELISA kits from BIOHIT, Finland (PG I, Cat. No. 601010.01; PG II, Cat No. 601020.02; and G-17, Cat. No. 601035 
Statistical Analysis
The values of serum PG I, PG II, and G-17, and ratio of PG I to PG II (PG I/II ratio) were expressed by median, and were compared by using Mann-Whitney U test. The Chi-square test and the Fisher's exact test were used to compare the positive rate of serum IgG antibody against H. pylori and the percentages of the subjects with low PG I (< 25 μg/L), low PG I/II ratio (< 2.5) and high G-17 (≥ 2 pmol/L) between Changle and Fuan. For all tests, P < 0.05 was considered as statistically significant. Analysis of data was performed using SPSS 13.0 (SPSS Inc., Chicago, IL, USA).
Results
Levels of serum PG I, PG II, and G-17, PG I/II ratio and positive rate of IgG antibody against H. pylori
As shown in Table 1 , the levels of PG II and G-17 were significantly higher in Changle than in Fuan (P < 0.05), while PG I/II ratio was significantly lower in Changle than in Fuan (P < 0.05). The positive rate of serum IgG antibody against H. pylori was significantly higher in Changle than in Fuan (P < 0.05). The level of PG I was not significantly different between the two cities. Analysis by genders showed that both in male and in female, the levels of PG II and G-17 and positive rate of IgG antibody against H. pylori were significantly higher in Changle than in Fuan respectively (P < 0.05), while PG I/II ratio was significantly lower in Changle than in Fuan (P < 0.05) (Table 1) . Moreover, further analysis by age groups showed that in each age group PG II and G-17 were significantly higher in Changle than in Fuan (P < 0.05), but PG I/II ratio was significantly lower in Changle than in Fuan (P < 0.05). Except for 50-year-old group, the positive rates of IgG antibody against H. pylori in both 30 and 40-year-old groups were significantly higher in Changle than in Fuan (P < 0.05) ( Table 2 ).
The percentage of the subjects with low PG I, low PG I/II ratio or high G-17
According to the interpretation of the results from ELISA kits used in this study, the cut-off value of low PG I and low PG I/II ratio were < 25 μg/L and < 2.5 respectively, and the cut-off value of high G-17 was ≥ 2 pmol/L. The percentage of the subjects with low PG I or low PG I/II ratio was significantly higher in Changle than in Fuan, respectively (P <0.05), but the percentage of the subjects with high G-17 (≥ 2 pmol/L) was significantly higher in Changle than in Fuan (P < 0.05). Similarly, in both male and female, the percentage of the subjects with low PG I or low PG I/II ratio was significantly higher in Changle than in Fuan respectively (P < 0.05). However, the percentage of the subjects with high G-17 was significantly higher in Changle than in Fuan (P < 0.05) ( Table 3) . 
Levels of serum PG I, PG II, and G-17, and PG I/II ratio in the subjects with or without H. pylori infection
As shown in Table 4 , the positive rate of IgG antibody against H. pylori in Changle was 49.5%, which was significantly higher than that in Fuan (29.2%) (P < 0.05). In both the subjects with H. pylori infection and the subjects without H. pylori infection, the levels of PG II and G-17 were significantly higher in Changle than in Fuan (P < 0.05), while PG I/II ratio was significantly lower in Changle than in Fuan (P < 0.05). No significant difference was noted in PG I between Changle and Fuan.
The proportions of low PG I, low PG I/II ratio and high G-17 in the subjects with or without H. pylori infection
As shown in Table 5 , in the subjects with H. pylori infection, the proportion of high G-17 was significantly higher in Changle than in Fuan (P < 0.05), but the proportion of low PG I or low PG I/II ratio was not significantly different between Changle and Fuan. In the subjects without H. pylori infection, the proportion of low PG I or low PG I/II ratio was significantly higher in Changle than in Fuan respectively (P < 0.05), while the proportion of high G-17 were significantly higher in Changle than in Fuan (P < 0.05).
Discussion
In this study we measured serological parameters such as serum pepsinogens (PG I and PG II) and gastrin (G-17), as "biochemical biopsy" indicatives of the gastric mucosal histology in the subjects from Changle and Fuan. We also measured serum IgG antibody against H. pylori in the two cities. Generally the results showed that serum PG II and G-17 were significantly higher in Changle than in Fuan, but PG I/II ratio was significantly lower in Changle than in Fuan. These results might suggest that the prevalence of atrophic gastritis may be higher in Changle than in Fuan.
Our data further showed that the prevalence of H. pylori infection was significantly higher in Changle than in Fuan, which might support the hypothesis of a higher prevalence of atrophic gastritis in Changle. It has been reported that infection with H. pylori is a risk factor for gastric cancer (The Eurogast Study Group 1993; McFarlane and Munro 1997) . H. pylori infection is the key determinant in fundic atrophy development (Adamu et al. 2011) , which also affects pepsinogen and gastrin secretion (Gatta et al. 2011) . H. pylori infection results in chronic gastritis that will develop into atrophic gastritis of some grade or type in half of infected subjects during their lifetime (Valle et al. 1996; Maaroos et al. 1999) . Overall, our results suggested a higher risk condition for developing gastric cancer in the subjects from Changle as compared to those from Fuan.
In this study, in both the subjects with and without H. pylori infection, PG I/II ratio was significantly lower in Changle than in Fuan, but G-17 was significantly higher in Changle than in Fuan. Moreover, in the subjects without H. pylori infection, the proportions of low PG I (< 25 μg/L) and low PG I/II ratio (< 2.5), but high G-17 (≥ 2 pmol/L) were significantly higher in Changle than in Fuan. These results implied that in addition to H. pylori infection, other factors might also account for the higher risk of gastric cancer in Changle. It has been suggested that genetic differences, dietary factors and life styles may influence the development of atrophic gastritis (Nomura et al. 1982; Howson et al. 1986; Kato et al. 1992) . For example, high consumption of nitrite rich salty or low consumption of fresh fruits and raw vegetables may increase this risk (Nomura et al. 1982; Howson et al. 1986; Kato et al. 1992) . Such dietary habits could be an independent risk factor for atrophic gastritis and could also have a synergistic effect with H. pylori infection. Although our data reveal that the expression of serological parameters is significantly different between Changle and Fuan, the exact reasons causing these differences remain unknown. One of the limitations of this study was that the sample size was rather small. Therefore, in order to explore the underlying mechanism why the risk of gastric cancer is different between Changle and Fuan, further study with a larger sample size should be carried out to investigate the dietary habits and life styles between the two cities.
In conclusion, this study suggests that the prevalence of atrophic gastritis may be higher in Changle than in Fuan, which results in a higher risk condition for developing gastric cancer in Changle.
